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Facultative parthenogenesis -the ability of sexually reproducing species to sometimes produce offspring asexually -is known from a wide range of ordinarily sexually reproducing vertebrates in captivity, including some birds, reptiles and sharks [1] [2] [3] . Despite this, free-living parthenogens have never been observed in any of these taxa in the wild, although two free-living snakes were recently discovered each gestating a single parthenogenone copperhead (Agkistrodon contortrix) and one cottonmouth (Agkistrodon piscivorus) [1] . Vertebrate parthenogens are characterized as being of the homogametic sex (e.g., females in sharks, males in birds) and by having elevated homozygosity compared to their mother [1] [2] [3] , which may reduce their viability [4] . Although it is unknown if either of the parthenogenetic snakes would have been carried to term or survived in the wild, facultative parthenogenesis might have adaptive significance [1] . If this is true, it is reasonable to hypothesize that parthenogenesis would be found most often at low population density, when females risk reproductive failure because finding mates is difficult [5] . Here, we document the first examples of viable parthenogens living in a normally sexually reproducing wild vertebrate, the smalltooth sawfish (Pristis pectinata). We also provide a simple approach to screen any microsatellite DNA database for parthenogens, which will enable hypothesis-driven research on the significance of vertebrate parthenogenesis in the wild.
The smalltooth sawfish is a large, critically endangered ray that is estimated to have declined to 1-5% of its population size in 1900. It currently occurs primarily in southwest Florida, U.S. [6] , where it may have stabilized and started to recover (http://www.iucnredlist. org/details/18175/0 ). Between 2004 and 2013, 190 individuals ranging in stretched total length (STL) from 67.1 to 381 cm were sampled, tagged, and released in the Caloosahatchee River, Peace River and Ten Thousand Islands regions. Sixteen microsatellite loci were used to genotype these individuals (Supplemental Information). These loci had from 4 to 40 alleles (mean = 20) and conformed to HardyWeinberg equilibrium expectations after correction for multiple tests (Supplemental Information). The program STORM [7] was used to calculate the internal relatedness (IR) of each individual, a parameter that expresses the relatedness of the individual's parents [8] . Outbred individuals will have an IR close to zero while individuals derived from close kin mating are expected to exhibit IR values from ~0.25 to 0.50 (i.e., indicating that the individual's parents were half or full-siblings, respectively). An IR value close to or equal to 1 indicates near or complete homozygosity across surveyed loci, which is consistent with all known cases of facultative parthenogenesis in vertebrates [1] [2] [3] .
The mean IR of sampled individuals was 0.033 (s.d. = 0.199, with >85% of individuals having an IR <0.10; Figure 1 ), indicating that mating pairs were typically unrelated. Seven outliers (3.7% of the sample) with IR values ranging from 0.84 to 1.0 were found, with two individuals being homozygous at all loci and five being homozygous at all loci but one or two ( Figure 1 ). All of these individuals were female, even though the overall sample sex ratio excluding these individuals was close to unity (1 male to 1.12 females). Five of the outlier individuals were captured in the Peace River in 2011 (n = 4) and 2012 (n = 1). Their size at capture indicated they were all born in 2011 [9] and their genotypes indicate they were full siblings (Supplemental Information). We consider these five individuals to be members of a single brood of parthenogenetic offspring, which has previously been observed in captive white-spotted bamboo sharks, Chiloscyllium plagiosum (brood individual was unrelated to the other five putative parthenogens collected from the Peace River that year. The probability of an individual being homozygous at 14 to all 16 of these loci regardless of allele identity and assuming sexual reproduction was calculated by multiplying the observed homozygosity of each locus. This probability ranged from 2.29 x 10 -12 (14 loci) to 4.18 x 10 -15 (all loci). Five of the putative parthenogens were heterozygous at one or two loci (involving Ppe-8 and Ppe-114), which demonstrates that they are diploid. This indicates that they were most likely produced by automictic parthenogenesis with the heterozygous loci being close to the telomere and undergoing recombination prior to fusion of the ovum and the sister polar body [1] [2] [3] . Automictic parthenogenesis reduces genome-wide heterozygosity, raising questions about the viability and reproductive competence of individuals produced in this manner [4] . The sawfish parthenogens were normal size for up to one-year-old individuals [9] , thus demonstrating that individuals produced in this way can survive in the wild. Their reproductive competence is not known because they were immature, but there is evidence that parthenogens are capable of sexual reproduction in both birds and reptiles [3, 10] .
The idea that sexually reproducing species sometimes reproduce asexually in the wild is novel, but we provide evidence that it is occurring in a critically endangered population of smalltooth sawfish. Establishing that an individual is a parthenogen has typically involved obtaining DNA fragment-based profiles of mother-offspring pairs that reveal an absence of unique paternal alleles in the offspring's genotype [1] ; however, this approach is logistically unrealistic when sampling many taxa in the wild, especially those without maternal care (e.g., rays, including the smalltooth sawfish). As an alternative, we have shown that it is also possible to infer a parthenogenetic origin for a free-living individual when it exhibits a level of homozygosity that is abnormally high for sexual reproduction. We suggest that any microsatellite database can be rapidly screened using the program STORM [7] to identify potential parthenogens based on IR values. The ability to reproduce via facultative parthenogenesis is taxonomically widespread in normally sexually reproducing vertebrates (except those with genomic imprinting [5] ) and may be more common than suspected in nature. We hypothesize that it may be found most often in low-density populations such as those that are on the verge of extinction. Screening existing and emerging microsatellite databases from wild populations in the manner we describe will enable hypothesis-driven research on the adaptive significance of this alternative mode of vertebrate reproduction. 
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